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Recent tests at the Weyerhaeuser Company Technology Center were aimed at determining the 
applicability of the Hankinson Formula for predicting the strength ofwood loaded in tension at angles 
to the grain. Small specimens cut at varying grain angles were loaded in tension at a rate of 0.1 inches 
per minute. A stress versus grain angle plot of the data revealed that the Osgmd Formula, a gener- 
alization of the Hankinson Formula, provided a better fit and that both could be applied in tension 
as well as compression loading. 
Keywords: Hankinson Formula, Osgood Formula, grain angle, dog-boned. 
REVIEW OF THE LITERATURE 
The Hankinson Formula, developed by the U.S. A m y  in 192 1 as a means of 
computing allowable stress in compression of spruce loaded at varying angles to 
the grain, is of the form: 
where: 
n = the allowable stress at angle, 8, to the grain 
p = the allowable stress parallel to the grain 
q = the allowable stress perpendicular to the grain 
B = the angle between the direction of the load and the direction of the grain 
Another less well-known formula, relating grain angle to the allowable stress at 
that angle, the Osgood Formula, a generalization of the Hankinson Formula, was 
promulgated in 1928. It had as a basis data from compression tests by Ayres at 
the University of Mississippi (1920), Martel at the California Institute of Tech- 
nology (1920), and at Comell University where Mr. Osgood was Assistant Pro- 
fessor of Structural Engineering. It was of the form: 
where: a = a coefficient that is species-dependent and for which Osgood gives the 
value 0.35 for southern yellow pine, and n, p, q, and B are defined as in Hankinson. 
Note that when Osgood's coefficient, a, equals 1, the Osgood Formula collapses 
to the Hankinson Formula. 
These studies were done on wood loaded in compression to failure. Often the 
point of failure was difficult to ascertain; hence a study by Kojis and Postweiler 
(1953) at the University of Wisconsin used the proportional limit stress instead 
of an "ultimate stress." 
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FIG. I. Stress variance (Hankinson vs. Osgood), p = 95.83 MPa, q = 3.18 MPa, a = 0.35 MPa. 
There is little indication in the literature that research of similar nature has 
been undertaken using tension loading. 
PROCEDURE 
Three southern yellow pineboards whose centers appeared to be relatively 
straight-grained were chosen. From one board, four rectangular-shaped, dog-boned 
specimens at each grain angle, varying in 10 degree increments between 0 and 30 
degrees, were cut. The second board produced four specimens at each of the 
following angles: 40, 50, and 60 degrees. The third board was cut into four spec- 
imens at each 70, 80, and 90 degrees. Additional 0 degree angle specimens were 
cut from the third board. The final count was 12 0-degree specimens, 4 specimens 
at each 10 degree interval between 10 and SO degrees, and 12 90-degree specimens. 
The specimens were roughly 1 %  inch by 1/4 inch through the cross section and 
varied in length. The smaller angles (0-30) were 8 inches in length, the larger 
angles (50-90) approximately 5l/2 inches long, and the 40 degree specimens about 
7 inches in length. These specimens were carefully measured with a digital mi- 
crometer, and their dimensions were recorded. The specimens were weighed three 
times: first, after conditioning for two weeks; second, after dog-boning; and third, 
after drying. With these measurements, it was possible to determine the specific 
gravity and moisture content of each specimen. The specimens were conditioned 
for two weeks in a room with a humidity of 50% and a temperature of 70 F. After 
testing each specimen in tension until failure occurred, the specimens were dried 
at 221 F for 40 hours in order to determine the moisture content. Using ASTM 
test method D1037, the specimens were loaded in an Instron Universal Testing 
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Fig. 2. Stress variance a! angles to grain (Osgood), q = 3.18 MPa, a = 0.35 MPa. 
Instrument with a load cell whose maximum capacity was 10,000 pounds. The 
specimens were pulled in tension until breakage occurred. The maximum load 
was recorded and the ultimate stress computed. 
RESULTS 
Figure 1 shows the fits of the Hankinson and Osgood Formulas to the actual 
data points from this experiment. The points tend to fall between the curves of 
the formulas when p and q are picked equal to the average of the experimental 
stresses parallel and perpendicular to the grain. This would seem to indicate that 
one formula overestimates and the other underestimates the actual stresses. Per- 
haps the formulas should be used as bounds to approximate the stresses. 
The moisture content did not vary significantly from specimen to specimen. 
Hence, the moisture content could be considered a controlled variable. The specific 
gravity varied considerably among the 0-degree specimens. The spread of points 
in tensile stress parallel to the grain is due mainly to this variance in the specific 
gravities. The spread of data points would seem to indicate that specific gravity 
is a variable that should be more rigidly controlled in future tests. 
Figure 2 shows Osgood curves with statistically calculated values of p that gave 
the best fit. 
CONCLUSIONS 
The two formulas are applicable both to compression loading and tension 
loading. Based on severely limited tests, the Osgood Formula appears to provide 
348 WOOD AND F'IBER SCIENCE, APRIL 1986, V. 18(2) 
a better fit for tension loading than does Hankinson. This experiment was intended 
as a first glance at the appropriateness of the Osgood and Hankinson Formulas 
to loading in tension, as opposed to exclusively compressive uses. For more 
conclusive results, further study is recommended. 
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